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Spatial distribution of calanoid copepods in the Gulf of
Mexico has been estimated mainly on the basis of collections by the Bu~
reau of Cammercial Fisheries research vessel ALASKA, Op'eraiiuans
extended from 1951 to 1953 in Gulf waters offshore of the 10 fathom iso=
bath, Collecting stati;ms are depicted on the first slide,

The samples, originally collected as part of a general sure
vey are best suited for qualitative examination. Differences between silk
net and GIII net samples include the size of the mesh and the speed of
tow. Both are 3emeter open conical nets, used primarily in horizontal
30 minute drags above the depth of 16 meters., However, in the cruise 5
series there are 2'% obligue 30=minute tows, from depths of 100, 200, and
250 meters to the surface. Samples from stations bracketed by dashed
lines were used as individual transects to compare relative abundance of
species with respect to neritic and oceanic . ione s, To supplement the off=
shore data we examined about 250 coastal and estuarine samples repree
senting the northern half of the Guﬁ ih all seasons of the year, Despite
obvious limitations in sampling distribution in both space and time the
qualitative results are consistent between sample series and with what is
known of these species from other studies. We therefore consider them
to be representative of prevailing conditions, although not with respect

to seasonal variation.
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Fach sample was examined thoroughly for species content,
Random subsamples of two to three hundred calanoids were used to estimate
percentage compositionfor each tow. On comparing a species' frequency
with relative abundance for the four sets of tows mentioned above, we
found that both values varied in a similar fashion between stations. Thus we
consider concordant variation of frequency values in a group of samples
as qualitative evidence of variation in relative abundance with respect to
space. For practical purposes we have combined data from the two types
of nets, wherever they were obviously similar,

The second slide summarizes environmental conditions
in the Gulf, ,Va;lue-e; for salinity and temperature in degrees centigrade
are mean annual extremes and the heavier lines in the lower map are
isohyets expressing mean annual rainfall in inches. As you can see, the
study area offers several interesting advantages for examining plankton
distribution. Thﬁ-T hydrographic regime of surface and near surface
depths appears to be fairly straightforward. There is only limited con=
tact with adjacent water bodies and the currents between them are essenw
tially unidirectional, Circulation in the western Gulf appears tci be composed
of weak eddies, Prevailing v}inds are from the southeast in warm months

rnortheast 4o

and from the.:ﬁnorthwest in cold months, Along the coast there is extene
sive geographical variation in climatic conditions and river outflow.,

With the exception of coastal waters, especially. along the northern peri=

phery, and a shallow variable band of mixoeuhaline water extending



offshore between the Mississippi Delta and Florida, surface waters are
characterized throughout the year by temperatures exceeding 20° C
and salinities above 36%o,
.A.naly'sis‘ of the collections indicates that 1) species tend
to be distributed independently of others, 2) as a group they constitute
a gradually changing community arranged along an onshore~offshore
gradient and 3) along the gradient, indications of more distinctive faunal
changes permit subdivision of the fauna into zonal categories, These
distributional patterns appear to reflect the influence of at least three
sets of environmental factors: 1) response to temperature gradients in.
the classic biogeographical sense; 2) response to local environmental
gradients arranged on an onshoremoffshore axis; 3) response to local en=
vironmental gradients arranged on a vertical axis. Complications arising
from displacement by water transport constitutes special problems which
may not be considered with the plankton co*llectibn's‘ now available,
Biogeographically, the majority of Gulf species are warm
water circuxnglqbal forms. Several neritic sp'eCiES- show strong temperate
North Atlantic affinities as well as varying degrees of adaptability to

tropical conditions., Examples include _(;e__-_:gtrop ages hamatus, Acartia

tonsa, Pseudodiaptomus coronatus, Labidocera aestiva and Paracalanus

crassirostris, They are dominant in coastal and estuarine waters north

of the 28° parallel where monthly mean temperatures range from summer



highs above 30° C to winter lows approaching lt}f C. Elsewhere along the
Gulf coast, where monthly mean surface- temperatures normally exceed
18° C thfmghﬂut the year these species diminish in numerical importance,
some to the extent of being virtually absent.

Indications of faunal response to local horizontal gradients
has been observed in our material by several methods, Side by side
comparison of records plotted on charts provides evidence of five horis
zontal grﬁupmgs.

An estuarine facies can be seen along the northern Gulf

coast consisting of species such as Acartia tonsa, Paracalanus crassirostris,

Tortanus discaudatus and Pseudodiaptomus coronatus., They occur in

greatest abundance in mesohaline and polyhaline waters of estuaries, large
and small inlets and contiguous coasta_'l waters, Some are also abundant
in metahaline lagoons .su-ch as the Laguna Madre, The apparent absence
of the grouping in the southern half of the Gulf is probably the result of
inadequate sampling,

The second grouping referred to as the coastalsneritic
facies is found chiefly in mixohaline to euhaline Watér's along the inshore
half of the neritic province, Species include C.entrapa;gés furcatus,

Labidocera aestiva and Temora turbinata, Their penetration into es=

tuaries is usually limited to the seawardemost portions. On the other
hand, estuarine species appear to extend more deeply into the coastale=

neritic environment.



Other predominantly neritic species such as Eucalanus pileatus,

Pa'ra'caia_nﬁs E:é.rﬁuﬂ and .T'emﬁ-ra__ 8ty lﬁera appear to range equally well

over the entire neritic province and extend into slope waters. They appear
typically in small numbers when fouﬁd beyond this range. Their penetra=
tion into estuaries is perhaps slightly more limited than that of coastal -
neritic species despite evidence of similar euryhaline qualities,

The next grouping is referred to as oceanic=slope species
and includes such forms as Clausocalanus furcatus, Undinula vulgaris and
Paracalanus aculeatus. These ubiquitous species dominate surface waters
throughout the oceanic province and also range successfully in the oifshore
half of the neritic prévin'ce. They can apparently withstand some fresh
water dilution as they have been taken in mixoceuhaline waters on a number
of occasions,

The fifth horizontal grouping, the oceanic facies, contains
species which appear to be confined to euhaline waters of the oceanic
province. Representativesinclude Centropages violaceus s Paracalanus

nudus and Pontellina Elumata.

These distributional groupings can be compared visually
in the next slide, which illustrates an example of each type. The maps
represent the combined records available for each species used as an

example. Frequencies of the species at each station are shown as one

of three index levels as per the legend.



Also appearing on this illustration is a sixth grouping, oceanice

subsurface. species, illustrated by Pleﬁ-rom.a:‘m:-:na g fa.ciiiﬁ- and also containe

ing Lucicutia flavicornis and Calanus gracilis,

Recognition of the subsurface group was made by consider=
ing the occurrence of species with relation to such fa;ctora as time and
depth of tow. In this phase of the study we also examined occurrence
with respect to coastal, outer neritic, slope and oceanic zones, type of
collecting gear, temperature and salinity., The reéults of this analysis
for the same forms used to illustrate species groupings is shown on the next
slide. The data are plotted as histograms, percentage occurrence above
the baseline being the ratio of the number of records to the total number
of samples. Symbols under the heading =offshore range~ are as follows:

N1 _r‘efer's +o Btations between the coast and the 50 fathom isobath, NZ to
stations between the 50 and 100 fathom isob.afhs, S]l to stations between
the 100 and 1000 fathom isobaths and O to stations beyond the 1000 fathom
isobath,

Comparisons with temperature and quadrant of the Gulf have
been omitted as there are no clearcut indicatims that the distribution varies
within the range.

Selection of 35.5%¢ as the dividing point in the salinity range
is based on the fact that salinities at or below this level in the Gulf are

indicative of recent admixture of fresh or low éalinity water, However



the converse does not hold for salinities above this level., The small
number of data prevented use of a greater number of intervals., The
number of tqws fc& each set of variables are not equal since datal from oblique
tows were omitted and salinities were unavaila;bfle- for several other tows,
Distribution with respect to offshore range and _ﬂalinity is in substantial
agreement with the results obtained from mapping of the records., The
greater frequency of Pleuromamma g racilis in night samples and in the
oblique tows is indicative of its subsurface distribution arnd its records
shown in the previous slide indicate distinct oceanic range.

In the next slide we can compare the relative abundance

of several species including our previous examples with respect to oceanic
and neritic localities. The samples of each transect ai'e relatively synoptic
and obtained by the same collecting gear. In addition to the depth profile
temperatures and salinity, values at each station are shown for purpose of
reference., The species are listed in order of their relative distributional
overlap. These data strengthen results already mentioned as well as the
conclusions drawn from the next and last slide,

To consider relative distributional overlap between pairs
of species we made use of a measure of comoccurrence often employed
in studies of plant distribution and referred to as the coefficient of the
community, This method was recently used with can siderable success
by Whittaker and Fairbanks in analyzing distributional patterns of fresh

water copepods in a group of lakes and ponds., Data from the GIII net



and silk net were analyzed separately because of differences in their sampling
qualities, The arrangement of the species obtained by this analysis is pree
sented under each matrix, The brackets refer to the groupings determined
by mapping recorde and by estimates of the occurrence as related to sev=
eral environmental factors. The minor differences between the two matrices
can be largely attributed to different collecting characteristics of the two
nets.

Omitting oceanic subsurface species the trend in each tri=
angle is for coe~occurrence values to decrease more or less uniformly in
the direction away from the diagonal. This implies that the species are
responding primarily to one environmental gradient. From our knowledge
of distributional records of these species it is apparent that the undirecs
tional gradient lies along an onshore=offshore axis. Oceanic subsuriace
species are considered as evidence of another environmental gradient
extending in a vertical direction,

It is important to note the fact that the collections used in
each triangle were made in different years. In light of the essentially
similar results, this strengthens the impression that the results of this

study reflect actual conditions rather than sampling artifacts.



CONCILUSION

Spatial distribution of Calanoida in the Gulf of Mexico appar=
ently represents the summation of two sets of related forces, It is partly
biogeographical inithat the present geographical range is a momentary
culmination of a species! historical distribution and its ability to adapt
to change., It is also environmental since in marine waters within ita
geographical range, the species occurs dis-continuously and in patterns
that indicate response to horizontal and vertical gradients., To reveal
those principles underlying plankton distribution increased attention in a
variety of regions must be given to (1) detailed analysis of plankton com=
munities in time and- space, (2) the environmental needs of key species
and (3) the extent of, as we-llz as means by which communities maintain

physical integrity within an environment in perpetual flux.
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